Introduction
Both demographers and evolutionary anthropologists have a long-standing interest in human fertility and reproduction, and recognize that even within high-fertility populations, women reproduce below their apparent physiological maximum [1] [2] [3] [4] . To explain this observation, demographers have focused primarily on proximate correlates of population-level fertility (e.g. mortality rates, female education and access to modern contraception) [5, 6] . By contrast, evolutionary anthropologists have focused on the individual level and ultimate explanations to consider how fertility relates to lifetime reproductive success (e.g. through optimal birth spacing and trade-offs between quantity and quality of offspring [7] ). Recent work in this area shows just how important the timing of births is to evolutionary fitness [8] .
One of the many puzzles about fertility is why long-lived women stop reproducing, often decades before their deaths. A woman's reproductive lifespan can be visualized as a timeline of key events: menarche, births and interbirth intervals, and menopause (figure 1). Here, we follow the demographic literature in using fecundity to refer to the ability to reproduce, and fertility to refer to actual births. The first and last births define a woman's realized reproductive period. After a woman's last birth, she is infertile in the sense that she has stopped reproducing, but she may still be fecund (a). She may then experience a period of subfecundity (b) during perimenopause and eventual sterility (c), but only with menopause-defined as 1 year without menstrual cycles-can we infer permanent infecundity or sterility. (For more detailed definitions, see Wood [2] .)
Although age at last birth and stopping reproduction have been examined by evolutionary anthropologists and demographers, this is often done from very different perspectives. In evolutionary anthropology, reproductive cessation has garnered the most attention in the context of hypotheses for menopause and a long post-reproductive lifespan [9] [10] [11] [12] . Studies of the costs of reproduction have also looked at women's age at last birth in relationship to longevity (e.g. [13, 14] ). For demographers, age at last birth is important in estimating age-specific fertility rates, as well as in identifying natural fertility populations (defined as those where parity-dependent control of reproduction is absent) [15, 16] . Declining ages of last birth are also of particular interest to demographers, as a potential indication of the onset of demographic transitions from high to low fertility [1] .
Despite this work, we believe that reproductive stopping behaviour, in and of itself, has received relatively little attention, and that some common assumptions about age at last birth merit closer study. One such assumption often made in the evolutionary literature is that reproductive cessation is largely a reflection of the physiological changes preceding menopause [2, 9, 12, 13] . In terms of figure 1, this would imply that a is short relative to b þ c. At a proximate level, this seems quite reasonable, as menopause marks the end of a physiological process after which women are no longer capable of direct reproduction. Moreover, there is strong evidence of fertility decline preceding menopause and also increases in pregnancy loss [17] . That some women approaching menopause experience such factors, however, is not in itself evidence that most women stop reproducing because of such factors. Although this causal link may be true for some women, particularly in natural fertility populations, we will highlight evidence that many women stop when they are still fecund (i.e. that a is not short relative to b þ c).
Another common assumption about age at last birth is that there is a species-typical 10-year gap between age at last birth and menopause, with age at last birth occurring around 40 and menopause around 50 years of age. Looking at figure 1, the conventional wisdom is that a þ b þ c is typically 10 years, and, moreover, that this duration is fairly invariant [2] . Together with the physiological assumption, these lead to the prediction that age at last birth and age at menopause will be strongly correlated. And while there are broad populationlevel data to support these central age tendencies, a focus on means, round numbers and natural fertility populations leads us to ignore quite interesting variation in age at last birth (i.e. a þ b þ c is quite variable across women).
Our aim with this review is to examine a woman's last birth as a significant event in her reproductive life history, distinct from menopause. We will show how demographic and evolutionary perspectives can be combined to form an improved understanding of stopping reproduction and age at last birth. We describe variation across societies in these traits and discuss the many proximate mechanisms through which people may regulate their fertility. We also analyse one population, a sample of rural Bangladeshi women, in greater detail, and place the results in the context of evolutionary explanations for stopping reproduction and age at last birth.
Variation in age at last birth across and within populations
We begin with an examination of variation in age at last birth across populations (table 1) . Through a Web of Science literature search, we located studies with a primary focus on age at last birth and drew data from those without obvious sources of bias (e.g. focus on a particular subset of women). We also drew from several long-term anthropological studies and from published tables found in Bongaarts & Potter [5] and Wood [2] . Our table expands on theirs not only by adding more recent studies, but also by including measures of range and variance as available. We also include some populations that do not fit the natural fertility definition, whether historical (e.g. Finland [27] ) or late twentieth century with access to modern contraception (e.g. Poland [36] ). Although not fully comprehensive, table 1 represents a diverse sample of human populations with published data on age at last birth. Taken as a whole, table 1 reveals a central tendency, but also shows considerable variation in age at last birth-in other words, the potential for women to stop reproduction at many different ages, both long before menopause and very close to menopause. Even including several controlled fertility populations, the median value of the ALB reported in table 1 is 38.6, which is consistent with the 39-41 year range noted by demographers [2, 5] . Where reported, however, the age ranges and standard deviations always indicate considerable variation (e.g. in nineteenth century Utah, mean ¼ 40, range 18.7-54.9 years of age, s.d. 4.6 [45] ). Assuming a normal distribution with a mean of 40 and s.d. of 4.5, approximately 25% of women would be expected to have their last birth by 37 years of age and about 10% by age 34. This speaks nothing to cause, but it does call into question the notion that an age at last birth of around 40 is an invariant aspect of human female reproductive biology, even among natural fertility populations.
Furthermore, a number of populations reported in table 1 show a mean age at last birth closer to 35 years of age, with higher standard deviations as well. This reflects our method of study selection, which includes populations that would not meet the 'natural fertility' definition. From an evolutionary perspective, the realized fertility of women across a spectrum of population types is arguably more relevant to understanding human reproductive strategies than is the focus on a subset of populations practising limited fertility control. Smith et al. [39] early-to-mid-20th
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Variation in stopping reproduction and age at last birth in rural Bangladesh
We know much less about variation in age at last birth within populations than across populations, particularly since so many studies report only mean values (table 1) . Here, we use a sample of rural Bangladeshi women to examine age at last birth, including its relationship to other life-history events such as menopause. Our goal is not to conduct an exhaustive analysis of stopping behaviour in Bangladesh, but rather to use these data as a deeper case study to inform our review. After briefly describing the study population and sample, we present summary statistics for age of last birth as it relates to menopause, followed by a regression model of age at last birth. Our data come from the 1996 Matlab Health and Socio-economic Survey [46] (MHSS), which includes individual-level data from 4364 households in Matlab, Bangladesh. The Matlab population is rural, relying primarily on agriculture for subsistence and income. Bangladesh has gone through a well-documented demographic transition in the last 50 years. We analyse data from women who at the time of the survey were 50-69 years old (born 1927-1946 ). In our sample, the median year of last birth is 1975, at which time the total fertility rate (TFR) in Bangladesh was 6.34 [5] . (At the population level, the TFR is the expected number of births to a hypothetical woman following age-specific fertility rates over her childbearing years [2] .) Thus, even though Bangladesh was well into its demographic transition by 1996, the majority of women in our analysis reproduced during a period characterized by relatively high fertility, high mortality and limited access to modern contraception. Given their age, most women in our sample also would have had little formal education [47] .
Because we are interested in age at last birth among fertile women, we limit the sample to ever-married women with at least one live birth, with recorded dates for menarche and menopause in the MHSS. We exclude some women with missing or problematic dates for key events (e.g. age at last birth after age at menopause), as well as women with menopause before 40, as this is considered to be premature menopause and may indicate other underlying health problems [48] . We include widows, but exclude five separated and divorced women due to their rarity and social marginalization in Matlab [49] . Our final sample includes 1037 women aged 50-69. Figure 2 boxplots summarize women's ages at key life-history events-menarche, first birth, last birth, and menopause. Figure 3 provides additional comparisons of ages at last birth and menopause. All women experienced their last birth by age 54 and menopause by age 59, with age at menopause showing a steeper decline than age at last birth (figure 3a). A number of women reported the same age at last birth and menopause (seen as zeros in figure 3b ). This could be due to imprecise dating or, in some cases, a surgical menopause at delivery. Many could also be women who never resumed their menstrual cycle after their last birth-that is, postpartum amenorrhea may have transitioned immediately into secondary sterility (as noted among some Dobe !Kung women [23] ). Even in this moderately high-fertility sample, the median age at last birth (37 years) is 11 years prior to the median age at menopause (48 years). In other words, more than half of all women last gave birth at least a decade before menopause (figure 3b).
Despite a modest positive correlation (r ¼ 0.17), age at last birth does not appear to be strongly related to age at menopause. Figure 3c shows that neither the median nor the range in age at last birth shifts much with menopausal age, although a younger age at menopause does place an upper limit on age at last birth. This suggests that declining fecundity-e.g. through ovarian depletion-is unlikely to explain the extent of variation seen in age at last birth or the variation in elapsed time between last birth and menopause (figure 3b). To explore this further, we used ordinary least-squares regression to model age at last birth according to age at menopause, as well as other life-history variables: year of birth, age at menarche, number of live births, number of stillbirths and marital status (table 2) .
The results indicate that later ages at first birth are associated with later ages at last birth. Age at menarche does not appear to have a direct effect on age at last birth, particularly with age at first birth in the model. As seen above with the bivariate correlation, later ages at menopause are modestly correlated with later ages at last birth, but a comparison of coefficient estimates indicates that the relationship between age at first birth and age at last birth is approximately 4.5 times stronger. Widowhood is also associated with earlier ages at last birth, and age at last birth seems to be declining with time (women born earlier in the sample have an older age at last birth). At a proximate level, this could have been facilitated by an ambitious family planning programme that was implemented in 1977 in some intervention study areas in Matlab [50] , which some women (about 17%) in our sample may have been a part of prior to their last birth. Both number of live births and number of stillbirths are positively correlated with ages at last birth, with number of live births being the strongest predictor in the model. These correlations do not reveal a causal direction or imply intentional stopping behaviour, as women with later ages of last birth may simply be able to 'fit in' more births. Looking at simple bivariate correlation coefficients, age at last birth is highly correlated with number of live births (r ¼ 0.56); the correlation between age at menopause and number of live births is also positive, but small by comparison (r ¼ 0.06). This suggests that regardless of the causal direction, age at last birth conveys more information about fertility than does age at menopause.
In sum, we find both substantial variation in age at last birth and often more than a decade passing between last birth and menopause. Although some women's reproductive careers may have been cut short by premenopausal subfecundity and menopause, many more appear to have had their last births at an age when other proximate mechanisms for reproductive cessation seem more probable.
Proximate determinants of age at last birth
Our aim in this section is to review the wide variety of underlying proximate mechanisms that shape the timing of a woman's last birth, ranging from those over which a woman has no control to those over which she has some control, regardless of whether the latter are employed in a conscious effort to permanently stop reproducing. For the most part, these proximate mechanisms shaping age at last birth are the same as those that produce variation in fertility in general [5] , not just at the end of reproduction. However, some proximate mechanisms are more salient than others when considering age at last birth. As a starting point, there is solid evidence that in natural fertility populations, marital fertility declines with age. A simple population estimate of this decline is that the fertility levels of 35-39 year olds are 70% those of 20-24 year olds, with 40-44 year olds dropping to 36% and 45-49 year olds to only 5% of 20-24 year olds [5, 16] .
Even assuming identical fertility rates across women, by chance women will experience different waiting times to conception and different histories of pregnancy loss and infant mortality. If there is some age after which women are unable to conceive, women will approach this endpoint at different stages in their reproductive schedules (e.g. pregnant, breastfeeding, fertile). Thus, we expect some variation in age at last birth to arise simply due to random processes [51] . Variation in age at last birth could also arise through heterogeneity across women in the timing of infecundity [52] . Teasing apart these processes has proved a challenge to demographers in distinguishing deliberate stopping behaviour from chance [51, 53, 54] . The physiological contributions to declining fecundity are difficult enough to study in living women, let alone historical records.
The leading candidate for physiological causes of infecundity is ovarian depletion, and due either to differences in the quantity of primary follicles or their rates of atresia, ovarian depletion may occur at different ages across women [4, 12] . As the ovaries become more depleted, endocrine changes may also lead ovulatory cycles to become irregular, decreasing the likelihood of successful conceptions [55] . From this perspective, declining fecundity would seem to be a simple extension of menopause itself. This process, however, may be quite heterogeneous, with more fecund women reproducing to later ages [52, 56] , despite the fact that rates of pregnancy loss increase with age [48] . For example, among Utah women who continued to reproduce into their 40s, there was little evidence of declining fecundity with increased parity once age was controlled for [45] .
Other physiological and anatomical causes of female infecundity may also become more pronounced with maternal age, including problems with non-reproductive endocrine functioning (e.g. thyroid hormone, androgens, and cortisol) rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 371: 20150147 [4] . Anatomical causes might include problems such as endometriosis, uterine fibroids, and pelvic inflammatory disease (which often results from sexually transmitted infections, but may also result from puerperal infections after giving birth) [2] . Cervical insufficiency may make it difficult to carry pregnancies to term, and uterine prolapse, in which the uterus protrudes into the vaginal canal, becomes more likely with higher parity [57] . A woman's nutritional status may also impact on her fertility. Women who are nutritionally compromised may have irregular ovarian cycles and longer waiting times to conception, higher rates of pregnancy loss and longer durations of post-partum amenorrhea [4] .
The above-mentioned causes of subfecundity and sterility may be largely out of a woman's control, but many proximate determinants of age at last birth are shaped by the behaviour of both women and men. The deliberate use of contraception, for example, will contribute to variation in age at last birth, whether or not the explicit goal is stopping reproduction permanently. Women with access to modern methods such as hormonal contraception or intrauterine devices may have quite accurate control in this respect, but there is abundant historical and ethnographic evidence for women using a wide variety of birth control methods in the past, including coitus interruptus, douching, barrier devices for both men and women, and herbal remedies [58] . Worldwide, female sterilization is used by approximately 19% of married (or in a union) women aged between 15 and 49 [59] . Where it is now available, surgical sterilization may thus quite directly limit age at last birth since reversibility is costly and not highly effective or available. The rapidity and uptake of this method suggests that it is meeting a pre-existing need among women-to avoid unwanted pregnancies later in life. That so many women of reproductive age would choose surgical sterilization as a method is also evidence of an underlying preference to permanently stop once a certain age or desired family size is reached.
Declining coital frequency and abstinence could fall under contraceptive mechanisms. Here, though, we consider them in the context of marital (or other) sexual relationships that would otherwise put a woman at risk of conception. Coital frequency declines with duration of marriage, which, holding all else equal, should decrease conception rates [2, 60] . More explicit taboos against sexual relations at certain times are also well documented across cultures. Most frequent are those which prohibit sex during menstruation [61] and also sex for a period of time following childbirth or when a woman is breastfeeding [62] . Taboos against sex after a certain age or event (e.g. marriage of the oldest son, birth of the first grandchild) are less well known, but have been documented, for example, among the Yoruba of Nigeria [63] . Outright taboos may be rare, but there is abundant evidence for shame and embarrassment associated with lateraged pregnancies (e.g. in Greece, Iran, India, and France) [64] . In other societies, there seems to be no such stigma (e.g. the Ache, Tsimane and Shuar of South America), and mothers and their own daughters are often pregnant at the same time [22, 65] . Marriage forms may also influence age at last birth, with some evidence among polygynously married women of a 'social menopause' occurring when their husbands turn their mating efforts towards younger wives [19, 66] . Similarly, widowhood might bring an abrupt end to reproduction in societies preventing women from remarriage [1] .
Even after conception, women may terminate unwanted pregnancies with abortion-an ancient and diverse crosscultural practice [58] . Despite the common perception that abortion is mostly practiced by young women in the USA, a study by Hill & Low [67] found a U-shaped pattern, with higher abortion rates seen among women aged 35 and older relative to women between 25 and 34 years of age. Infanticide is also found across cultures and in historical records [3] . Although infanticide by definition presumes a live birth, it has long been used as an effective method for curtailing investment in new offspring prior to menopause. Ethnographic explanations for infanticide that would correlate with maternal age include having too large a family and widowhood [68] . Caldwell & Caldwell review evidence that infanticide was widespread in agrarian Asia (India, China, and Japan) and used as way to manage problems of inheritance. In this context, family size and sex of offspring may both play an important role in determining when a woman stops reproduction [3, 69, 70] .
Ultimate explanations for stopping reproduction
In addition to the proximate mechanisms detailed above, stopping reproduction calls for an evolutionary exploration in that, like menopause, it would initially seem to run counter to simple fitness-maximization models. Moreover, an evolutionary approach seems promising given that age at last birth is variable, at least partly under behavioural control, and has a close relationship to number of offspring. If stopping is part of an adaptive life-history strategy, what ultimate hypotheses could explain how it could increase fitness enough to outweigh the forgone fertility? Of direct relevance here are hypotheses for the evolution of menopause and a long post-reproductive lifespan, as well as hypotheses for optimal family size and fertility reduction seen through the demographic transition. These have been thoroughly reviewed elsewhere [9] [10] [11] 71, 72] . Our aim here is to highlight insights brought by considering age at last birth. Starting with the puzzle of human menopause, initial evolutionary arguments focused on trade-offs between early and late reproduction, particularly in the face of eventual senescence [73] . For example, the costs of pregnancy and lactation might become increasingly difficult to bear as a woman's body aged, putting both her and the fetus at higher risk of mortality with each pregnancy. Consequently, menopause might allow women to channel their reproductive efforts into current offspring (and not put them in jeopardy), leading to higher lifetime fitness. Extending this explanation to age at last birth and not menopause per se, we might predict that women facing higher mortality rates in their reproductive years would tend to stop reproducing at earlier ages. Although evidence is limited, our review of age at last birth across populations suggests that it is in traditional or pre-demographic transition societies-where a woman's life expectancy is typically shorter-where we find later ages of stopping. This would seem to contradict the prediction regarding the mother's mortality risks, but other differences, for example, in infant mortality rates, make comparisons difficult.
The grandmother hypothesis for menopause and a long post-reproductive lifespan considers the inclusive fitness benefits that women might derive from shifting their energy away from direct reproduction into helping their own children to reproduce. This help could take various forms, from food provisioning, to caring for older children (for example, when a daughter has just given birth and is taking care of a newborn). Some theoretical models (e.g. [6] ) also predict that it would be quite difficult to gain enough inclusive fitness benefits to favour menopause itself, which does not bode well for grandmother effects to explain stopping reproduction a decade or more before menopause. Nevertheless, if we extend the grandmother hypothesis to age at last birth, we might predict that women will be more likely to stop reproducing many years before menopause in two circumstances: (i) when their own children live close by and are themselves starting to reproduce and (ii) when their help can make a critical difference to the survival of their grandchildren [74, 75] .
Many studies have looked for the impact of grandmothers on grandchildren survival, with mixed results [6, 9, 11, 76, 77] . In situations where mothers are able to benefit from the help from others, we would predict that women living among investing kin would have later ages at last birth than women living neolocally, as is the case in many post-demographic transition societies. However, we might also expect that older reproducing women may find themselves with less and less support from close kin, as those relatives begin to disappear or direct their efforts towards younger women with higher reproductive value. In other words, at the same time that older women are increasing in opportunities to invest in grandchildren, they may be losing help from others. This line of thinking still focuses on opportunities for and availability of kin investment in shaping age at last birth.
By contrast, a more recent hypothesis suggests that conflict between a woman and her adult offspring could be responsible for menopause, as the reproducing generation in a family system turns over from parents to their own offspring [78, 79] . As with the grandmother hypothesis, the high costs in time and energy of producing children are key, but rather than emphasizing the potential benefits of kin investment, the model focuses on competition for limited familial resources, with skewed reproduction and non-overlapping generations being the eventual outcome of this competition. Some of the strongest evidence in favour of this hypothesis comes from a recent study of pre-industrial Finnish families, where the overlapping reproduction of in-laws was associated with a sizeable drop in offspring survival [80] . In terms of reproductive senescence, this hypothesis predicts earlier menopauses in patrilocal societies, where competition is expected to be more intense. Snopkowski et al. [25] , however, found no evidence for such a relationship in a study of residence patterns in Indonesia.
Anthropologists studying family systems have viewed stopping behaviour in the light of constructing families [70] . There is strong evidence from agricultural societies with heritable resources that humans deliberately shape their family sizes, and sex-composition of offspring, to meet compositional goals [5, 70] . For example, historical evidence from some regions in Asia document high levels of infanticide, not just of daughters but also sons and higher parity offspring [81] . Agrarian societies are also generally where we see strong evidence of shaming and cultural taboos directed against older women giving birth (see above). In addition, in such societies finding suitable spouses and paying for the marriages of young adult children can sometimes require a considerable investment of time and resources, and parental attention may be increasingly focused on the high costs of getting the older children 'fledged' rather than taking care of a newborn.
These last examples bring us back to parental investment explanations for reproductive cessation. Rather than focus on menopause or the long reproductive lifespan, a parental investment perspective focuses our attention on optimal, not maximal, family sizes [9] . Although such models have recently concentrated on explaining the demographic transition, they are not limited to such. Humans invest enormous energy into producing and raising offspring that have a very long period of dependency. Under such circumstances, 'front-loading' reproduction and then stopping early may be the winning fitness strategy [8, 9] . This may be especially true in societies with heritable wealth or high costs of education and producing competitive children [65] . Age at last birth is thus both a reflection and outcome of parental strategizing, when such strategizing is favoured, and is highly facultative in a way that menopause is not.
Conclusion
Stopping reproduction and the age at which a woman last gives birth have important implications, both theoretical and empirical, for a variety of academic fields. For human reproductive biology and a medical perspective, the proximate constraints on fertility and the probability of conception are of huge social relevance as women try to conceive 'late' in life and experience fertility problems [48] . The age at last pregnancy also has important health consequences for both the mother and developing fetus, as such pregnancies are correlated with higher risks. From an evolutionary perspective, the issues go beyond the questions of menopause and the post-reproductive rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 371: 20150147 lifespan, and include implications for population growth and evolutionary models of fitness and generation times [8] .
In terms of life-history theory, stopping reproduction also differs from menopause in a number of interesting ways. As noted above, even if it is ultimately right-censored by menopause, age at last birth is often more variable than menopause both within and across populations. Unlike menopause, stopping behaviour is also more amenable to direct control. This is not to say that age at menopause exhibits no systematic or even adaptive variation-e.g. through genetic, developmental or nutritional affects-but compared to last birth, there is no evidence that women can easily or consciously shift their age at menopause through non-medical approaches. By contrast, behavioural influences on age at last birth include a vast array of options (e.g. through mating status, coital frequency, contraception or infanticide), and may even extend beyond the woman herself to include social pressure from others and normative cultural practices. Another reason evolutionary anthropologists should be more interested in age at last birth is that, as demographers realized long ago, it is more tightly correlated with family size than is age at menopause. As evolutionary anthropologists are more interested in reproductive success (number of surviving children) rather than fecundity per se, it makes sense to focus on a measure that is closer to the outcome variable. Last, but certainly not least, stopping reproduction is something that fathers do too. Even if men are physiologically capable of reproducing later in life, the majority do not, particularly in populations with monogamous marriage systems [65] . In the context of menopause, men's influence on family size has often been ignored, but men who reproduce do have an age at which they last father a surviving baby, and many of the behaviours that impact this age are under the influence of both the mother and father [65] .
Our goal has been to bring attention to age at last birth and stopping reproduction as an important aspect of human life history. To date, evolutionary anthropologists have focused their attention on menopause and the post-reproductive lifespan rather than taking a more direct look at when women actually have their last baby. Too often, age at last birth is assumed to be relatively invariant, when in fact, it is highly variable. Demographers, in contrast, have much less to say about menopause, but have paid considerable attention to age-specific fertility rates and identifying stopping behaviour in demographic data. Their desire to estimate underlying fertility rates at the population level, however, ignores the sometimes messy, lived reproductive histories of womenfor example, by focusing only on marital fertility in the absence of any control. We provide evidence both across and within populations that variation in age at last birth is substantial. For example, among Bangladeshi women, age at last birth was more variable (s.d. 5.5) than age at menopause (s.d. 3.5), with over half of all women stopping a decade or more before menopause, but also a smaller number of women continuing to reproduce into their late 40s. Rather than ignore this variation, evolutionary anthropologists should consider age at last birth in the same way that they consider age at first birth-an event with both physiological and behavioural underpinnings. We should expand our view of the end of a woman's reproductive lifespan to include not just her last menstrual cycle, but more importantly from a fitness perspective, her last successful conception.
